Abstract -The paper presents results of investigations of chemical composition of iron sulphides contained in dust from the pyrometallurgical production process of zinc and lead. The main mineral components of these dusts are oxides of lead and zinc, sulphides of lead and zinc and sulphides of iron. The tests performed have demonstrated that the chemical composition of iron sulphide grains was not close to stoichiometric, the grains were non-uniform in terms of phase composition, and they always included admixtures in the form of inclusions of other sulphides, i.e. zinc sulphide and lead sulphide, and accompanying elements (Ca, Mn, Se, As, Ag, Cu, Cd, Se).
Introduction
The "Miasteczko Śląskie" Zinc Smelting Plant is the only zinc and lead manufacturer in Europe that uses the Imperial Smelting Process (ISP) pyrometallurgical process. Dusts emitted by the plant are much diversified in terms of chemical and mineral composition. The main mineral components of these dusts are oxides of lead and zinc, sulphides of lead and zinc and sulphides of iron. These constituents contain, in addition to main elements, a number of accompanying elements, such as [1, 2, 3, 4, 5] . The mineral constituents emitted with the dusts may undergo decomposition and may release the elements contained therein into the hypergenic environment.
The aim of this study was to demonstrate the diversity of the content of accompanying elements in iron sulphides present in the dusts emitted from the ISP process.
The mineral composition of the dusts listed above is diverse, with the main constituents including: sulphides (ZnS, PbS, FeS2), oxides (ZnO, PbO, FeO) and sulphates (Pb, Zn, Fe). These constituents rarely occur in the form of individual grains. In most cases they form complex multiphase systems, being the result of phase transformations occurring in the course of the pyrometallurgical process.
The presence of iron sulphides was established in dusts from high-temperature processes, that is in those from the roast sintering process (1200°C) (dusts nos. 2 and 3) and from the shaft furnace process (1000°C) (dust no. 5). Earlier research has shown that iron sulphides present in the analysed dusts were derived from the MS-1 charge mixture in the ISP process [7] .
Experimental setup and procedure
Dust samples were taken for testing from fabric filters of the Sinter Unit (FT12 -sample PR-2, FT24 -sample PR-3) and of the Shaft Furnace Unit (FT12 -sample PR-5). Samples were used to make specimens for investigating the chemical composition within micro-areas using an X-ray microanalyser.
The chemical composition (qualitative and quantitative) of the separate grains was determined by means of a Joel JCXA 733 X-ray microanalyser. The microanalyser was equipped with an ISIS 300 energy-dispersive spectrometer from Oxford Instruments [8] , and the measurements were performed under the following conditions: focused beam (diameter: 1-2 µm, accelerating voltage 20 kV, current 3·10-9 A).
A series of microanalyses was conducted for each of the grains studied, such series comprising up to ten chemical composition measurements carried out to determine the main chemical components (sulphur and iron) and accompanying elements (the remaining elements). The average of 10 measurements was taken as the final result.
Results
Most likely, the iron sulphide FeS2 grains present in PR-2, PR-3 and PR-5 dusts contain inclusions of zinc sulphide and lead sulphide. This is indicated by the chemical composition of the examined grains of iron sulphides which, in theory, should contain 53.50 wt.% S and 46.50 wt.% Fe in the case of FeS2, or 36.47 wt.%. S and 63.53 wt.% Fe in the case of FeS.
A large deficit of sulphur content and deficit of iron is usually observed in all iron sulphide grains, with large amount of zinc and relatively high percentage of lead determined at the same time.
In the PR-2 dust the zinc content in iron sulphide FeS2 varied between ca. In order to demonstrate the association between the various accompanying elements determined in pyrite grains and the phases present in the form of inclusions in the examined dust grains PR-2, PR-3 and PR-5, the values of the coefficient of correlation between them were determined (Tables 2, 5, 6). The values of the correlation coefficient listed in Table 2 show a significant positive correlation between iron sulphide FeS 2 and elements such as As and Se, which may be an indication that these elements are constituents of this phase.
The values of the correlation coefficients of the various accompanying elements in the iron sulphide FeS 2 grains in the PR-2 dust indicate ( Table 3 ) that there are significant correlations (p<0.05) between them:
• positive: Ca and Mn; As and Se;
• negative: S and Cu; Zn and Cu; Ca and Mn; Fe and Cu, As, Ag; As and Se; Se and Ag, Pb. The chemical composition of iron sulphide FeS2 grains identified in PR-3 dust, like those in PR-2 dust, is not close to stoichiometric, wherein these are accompanied by FeS inclusions in an amount of ca. 4.7 to ca. 13.9 wt.%. The FeS2 grains contain, in addition to iron sulphide FeS, admixtures of ZnS (ca. 0.58 to ca. 3.57 wt.%) and of PbS (0.0000 to ca. 1.82 wt.%) ( Table 4 ). The values of the correlation coefficients of the various accompanying elements in the iron sulphide grains in the PR-3 dust indicate ( Table 5 ) that there are no significant correlations (p<0.05) between them. Correlation coefficients presented in Table 6 indicate the existence of significant correlations (p<0.05) between accompanying elements:
• positive: Mn and Se, Cd; Cd and Sn;
• negative: Ca and Fe; Fe and Ag. The iron sulphide FeS grains identified in the PR-5 dust are characterised by high content of both zinc (ca. 1.01 to ca. 2.58 wt.%) and lead (ca. 0.07 to ca. 4.58 wt.%), caused by the presence of zinc sulphide inclusions within the range of ca. 1.51 to ca. 3.85 wt.% and of lead sulphide inclusions within the range of ca. 0.09 to ca. 5.80 wt.%. In grain 1 of iron sulphide FeS the presence of metallic Cu in an amount of ca. 4.21 wt.% was determined, while in grains 3 and 5 CuS was found in the amounts of ca. 3.27 wt.% and ca. 2.98 wt.%, respectively (Table 7 ). The correlation coefficients (Table 8) indicate that As occurs in the form of substitutions in the crystal lattice of FeS, whereas Cd occurs in the form of substitutions in ZnS and PbS. This is primarily due to the fact that the PR-5 dust is derived from the shaft furnace where reducing conditions prevail, as well as due to the geochemical affinity of As and Fe and of Cd and Zn and Pb.
The values of the correlation coefficients of the various accompanying elements in the iron sulphide FeS grains in the PR-5 dust indicate ( Table 9 ) that there are significant correlations (p<0.05) between them:
• positive: As and Fe; Cd and Zn, Pb;
• negative: S and Zn; Fe and Zn; Cd and Pb; Zn and As; As and Cd, Pb. 
Conclusions
Iron sulphides, in addition to zinc sulphide and lead sulphide, are one of the main constituents in dusts PR-2, PR-3 and PR-5 that are generated in the pyrometallurgical process of zinc and lead production at the "Miasteczko Śląskie" Smelting Plant.
These dusts have a complex mineral composition, resulting from the diversity of raw materials used and from the conditions of the production process (oxidation and reduction).
The tests performed have demonstrated that the chemical composition of iron sulphide grains was not close to stoichiometric, the grains were non-uniform in terms of phase composition, and they always included admixtures in the form of inclusions of other sulphides, i.e. zinc sulphide and lead sulphide, and accompanying elements (Ca, Mn, Se, As, Ag, Cu, Cd, Se). The calculated correlation coefficients indicate that As is present mainly in iron sulphides, while Cd is present mainly in lead sulphide.
Arsenic and cadmium are typochemical elements of MVT deposits, wherein they rarely form separate phases, often constituting substitutions in the crystalline lattice of Zn-Pb-Fe sulphides [9, 10] .
Accompanying elements, after entering the ISP process in a charge mixture, are released during the decomposition of pyrite in a high-temperature process, and may accumulate in materials formed at various steps of the process, including the dust discharged into the environment.
